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(Miyachi, Akihiko ) $*$
$0$ Introduction
Hardy $\mathbb{H}^{p}(0<p<\infty)$ .
F. Riesz , $F\in \mathbb{H}^{p}$ , $F(z)$ Blaschke
$B(z)$ , .
$F(z)=B(z)F_{0}(Z)$ (1)
, $F_{0}\in \mathbb{H}^{\mathrm{p}}$ . ( $[\mathrm{Z}$ , Chapt. VII, \S 7] )
.
A. $0<p,$ $q,$ $r<\infty$ $1/p=1/q+1/r$ . , $G\in \mathbb{H}^{q}$
$H\in \mathbb{H}^{r}$ , $G(z)H(z)$ $\mathbb{H}^{p}$ . , $F\in \mathbb{H}^{p}$ ,
$G\in \mathbb{H}^{q}$ $H\in \mathbb{H}^{r}$
$F(z)=G(z)H(z)$ (2)
.
[ ] H\"older . $F\in \mathbb{H}^{p}$ , (1)
$F_{0}(z)$ ,
. , $G(z)=B(z)F_{0}(Z)^{p}/q,$ $H(z)=F0(Z)^{p/}r$ .
.
$\mathbb{H}^{p}$ distribution . $\mathbb{H}^{p}$
distribution $H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{p}$
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. ,
$\sim$ Hilbert . (3)
, .
$\mathrm{A}’$ . $0<p,$ $q,$ $r<\infty$ A . $g\in H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{q}$ , $h\in H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{r}$
$\tilde{g}h+g\tilde{h}\in H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{p}$. , $f\in H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{p}$ , $g\in H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{q}$ $h\in H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{r}$
$f=\tilde{g}h+g\tilde{h}$
.
$\mathrm{A}’$ ( $\approx$ A) , Blaschke ,
, . $H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{q}$
Littlewood-Paley $([\mathrm{B}\mathrm{G}\mathrm{s}], [\mathrm{F}\mathrm{S}])$
, $\mathrm{A}’$ . , $H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{p}$
Fefferman-Stein Hardy $H^{p}(\mathbb{R}^{n})$ , Hilbert $\mathbb{R}^{n}$
Calder\’on-Zygmund , $\mathrm{A}’$ – .
– , $\mathrm{A}’$ .
, $H^{p}(\mathbb{R}^{n})$
([CRW], [U1], [M1]).
, $\mathrm{A}’$ – – , .




, , $H^{p}(\mathbb{R}^{n})$ – ([CRW],
[U1], [M2] $)$ .
, [U2] , $H_{\mathrm{r}\mathrm{e}\mathrm{a}1}^{p}$ Fefferman-Stain $H^{p}(\mathbb{R}^{n})$










$( \frac{k-1}{3^{n}},$ $\frac{k}{3^{n}}]$ $(n=0,1,2, \cdots ; k=1,2,3, \cdots, 3^{n})$ .
( triadic interval , $n,$ $k$ – , $\Omega$
, triadic interval
.) $3^{-n}$ triadic interval $\mathcal{I}_{n}$ , triadic interval
$\mathcal{I}$ . triadic interval $I,$ $J,$ $K,$ $R$ .
triadic interval $J$ 3 $J$ 1/3 3 triadic interval
, $J(1),$ $J(2),$ $J(3)$ . , $K\in \mathcal{I}$ $|K|<1$
, $K$ triadic interval $K$ 3 triadic interval
, , $\tilde{K}$ . $\Omega$ $\tilde{\Omega}=(0,3]$ .
triadic interval .
12 . $J,$ $K$ triadic interval , $J\cap K\neq\emptyset$ $J\subset K$
$J\supset K$ .
13 . $\mathcal{G}\subset \mathcal{I}$ , $\mathcal{G}$ , $J\in \mathcal{G}$
$K\in \mathcal{G}$ $K\supset J\Rightarrow K=J$
$J$ , $\mathcal{G}^{\max}$ .
12 .
14 . $\mathcal{G}\subset \mathcal{I}$ , $\mathcal{G}^{\max}$ 2
,
$\bigcup_{J\in \mathcal{G}}J=\bigcup_{\max J\in Q}J$
.
, ,
$|_{J\in Q} \cup J|=\sum_{J\in \mathcal{G}^{\max}}|J|$ .
2 BMO
2.1 . $f\in L^{1}(\Omega)$
$||f||_{\mathrm{B}}’ \mathrm{M}\mathrm{o}=\sup_{J\in \mathcal{I}}\{|J|^{-1}\int_{J}|f(x)-fJ|dX\}$
( $f_{J}=|J|^{-1} \int_{J}f(y)dy$ ) , $||f||_{\mathrm{B}}’\mathrm{M}\mathrm{O}<\infty$ $f\in L^{1}(\Omega)$
BMO .
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: BMO triadic BMO , $(0,1]$ BMO
.
BMO .




$(f-f_{\Omega})*(x)= \sup\{|f_{J}-f_{\Omega}|;\mathcal{I}\ni J\ni X\}$ $(x\in\Omega)$ .
$\{(f-f_{\Omega})^{*}>\lambda\}$ $\{x\in\Omega;(f-f_{\Omega})^{*}(x)>\lambda\}$ .
.
23 . $f\in$ BMO
$\sup_{J\in \mathcal{I}}(|J|^{-1}\int_{J}|f(x)-f_{J}|2dx)1/2\approx||f||_{\mathrm{B}\mathrm{M}}’0$ .







25 . $f\in L^{\infty}(\Omega)$ $f\in \mathrm{B}\mathrm{M}\mathrm{O}$ , $||f||_{\mathrm{B}\mathrm{M}\mathrm{o}}\leqq||f||_{L}\infty$ .
3
3.1 . , triadic interval $\mathcal{I}$








32 . $\mathbb{R}^{3}$ 3 . $\mathbb{R}^{3}$ $x,$ $y$
.
$\mathcal{V}\subset \mathbb{R}^{3}$ :
$\mathcal{V}=\{x=\in \mathbb{R}^{3}$ ; $x_{1}+X_{2}+X_{3}=0\}$ .
$f=(f_{J})$ , $J\in \mathcal{I}$
$\triangle_{J}(f)=$
. $\triangle_{J}(f)\in \mathcal{V}$ .
$x\in \mathcal{V}$ $J\in \mathcal{I}$ , $\Omega$ $w_{J}[x]$
$w_{J}[_{X]}=x_{1}\chi_{j}(1)+x2\chi J(2)+X3xJ(3)$
.
$J,$ $R$ triadic interval $J\supset\tilde{R}$ , $w_{J}[x]$ $R$ .
$w_{J}[x](R)$ .
33. , $f=(f_{J})_{J}$ , $f_{\Omega}$ ( $f$ ‘ ’ ‘ ’) $\mathcal{V}$
$(\triangle_{J}(f))_{J}$ , , $a$ $\mathcal{V}$
$(d_{J})_{J\in \mathcal{I}}$ , $f_{\Omega}=a,$ $\triangle_{J}(f)=d_{J}(\forall J\in \mathcal{I})$
$f=(f_{J})_{J}$ . $f_{\Omega}=a$ $\triangle_{J}(f)=d_{J}$ $f=(f_{J})$
$f_{R}=f \Omega+\sum WJ[\triangle J(f)](RJ\supset\overline{R})=a+\sum_{J\supset\tilde{R}}W_{J}[d_{J}](R)$
(4)
.
34. $F\in L^{1}(\Omega)$ , $J\in \mathcal{I}$
$f_{J}=|J|^{-1} \int_{J}F(X)d_{X}$ (5)
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$(f_{J})_{J}$ . , $x\in\Omega$
$F(x)= \lim f_{J}$
$J\downarrow\{x\}$
( $J\ni x$ $J\in \mathcal{I}$ $|J|arrow 0$ ) ,
$F\}arrow(f_{J})_{J}$ 1 1 . $Frightarrow(f_{J}.)_{J}$ , $F\in L^{1}(\Omega)$
$(f_{J})_{J}$ – . , $f=(f_{J})_{J}$ $F\in L^{1}(\Omega)$
(5) , , $F$
$f$ , $F=f$ . ( :
$F\in L^{1}(\Omega)$ )
$L^{p}(\Omega)(1\leqq p\leqq\infty)$ BMO , $L^{1}(\Omega)$ , – $Frightarrow(f_{J})_{J}$
. , $f=(f_{J})_{J}$
$F\in L^{p}(\Omega)(1\leqq P\leqq\infty)$ (5) $f\in L^{p}$ ,
$||f||_{L^{p}}=||F||_{L^{p}(\Omega)}$
. BMO .
$L^{p}$ BMO ((5) $F$
) . $L^{2}$ BMO $L^{\infty}$
.





[ ] $f\in L^{2}(\Omega)$ $(f_{J})_{J}$
$f_{J}=|J|^{-1} \int_{J}f(_{X})dx$ (7)








$||f-f_{\Omega}||_{L^{2}()}2 \Omega=\sum_{J\in \mathcal{I}}|\triangle_{J}(f)|23^{-}1|J|$. (8)
$f-$ (6) .
. .
36 $\text{ }...f=(f_{J})_{J}$ . $f\in$ BMO
, $A\in(0, \infty)$ , $K\in \mathcal{I}$ -
$3^{-1} \sum_{KJ\in \mathcal{I},J\subset}|\triangle_{J}(f)|^{2}|J|\leqq A^{2}|K|$
, , $||f||_{\mathrm{B}\mathrm{M}\mathrm{o}}$ $A$ .
[ ] 35 $f\in L^{2}(\Omega)$
:
$f_{J}$ (7) , (8)
, $K\in \mathcal{I}$
$||f-f_{K}||_{L^{2}()}2K=3^{-1}J\mathcal{I},$$J \subset K\sum_{\in}|\triangle_{J}(f)|2|J|$
. 36 . .
37 . $f=(,f_{J})_{J}$ . $f\in L^{\infty}$
$\{f_{J}\}$ ,
$||f||_{L} \infty=\sup\{|f_{j}|;J\in \mathcal{I}\}$ .
.
4 $H^{p}$
4.1 . $f=(f_{J})_{J}$ , $f^{*}$
$f^{*}(x)= \sup\{|fJ|;x\in J\in \mathcal{I}\}$ $(x\in\Omega)$
.
42 . $f\in L^{1}$ $\lambda>0$
1
$|\{f^{*}>\lambda\}|\leqq\lambda^{-1}||f||_{L}1$ .
[ ] $\mathcal{G}=\{J\in \mathcal{I};|f_{J}|>\lambda\}$
$\{f^{*}>\lambda\}=\cup]=\cup JJ\in QJ\in \mathcal{G}\max$
59








43 . $1<P\leqq\infty$ , $f$ , $f\in L^{p}$
$f^{*}\in L^{p}(\Omega)$ , $||f||L^{p}\approx||f^{*}||_{L^{p}(\Omega)}$ .
44 . $f$ $0<p<\infty$
$||f||_{H^{p}}=||f^{*}||_{L^{p}(\Omega)}$
, $||f||_{H^{p}}<\infty$ $f$ $H^{p}$ .
43 , $1<p<\infty$ $H^{p}=L^{p}$ $||f||H^{p}\approx||f||L^{p}$ .
.
45 . $f=(f_{J})_{J}$ ,
$f^{**}(x)= \mathcal{I}J\sup_{\ni\ni x}\{|fj(1)|\mathrm{v}|f_{J()}2|\mathrm{v}|f_{j(}3)|\}$
$(x\in\Omega)$ .
, $ab= \max\{a, b\}$ .
4.6 . $|\{f^{**}>\lambda\}|\leqq 3|\{f^{*}>\lambda\}|$ $(\forall\lambda>0)$ .
[ ] $E=\{f^{*}>\lambda\}$ . $f^{**}(x)>\lambda$ , $\mathcal{I}\ni J\ni x$ $|f_{J(i)}|>\lambda$
$J\in \mathcal{I}$ $i\in\{1,2,3\}$ , $J(i)\subset E$ ,
$(\chi_{E})^{*}(x)\geqq|J|^{-}1|J\cap E|\geqq|J|^{-}1|J(i)|=3^{-}1$ .
$\{f^{**}>\lambda\}\subset\{(\chi_{E})^{*}\geqq 3^{-1}\}$ . 42 , . .
46 $f^{**}(x)\geqq f^{*}(x)$ , .
47 . $0<p<\infty$ , $||f^{**}||_{Lp}\approx||f^{*}||L^{p}=||f||H^{p}$ .
60
5
51 . $\mathcal{V}$ $\mathcal{V}$ $A$ ,




52 . $A$ : $\mathcal{V}arrow \mathcal{V}$ $|A|$ ,
$||\tau_{A}f||_{\mathrm{B}}\mathrm{M}\mathrm{O}\leqq|A|||f||_{\mathrm{B}\mathrm{M}\mathrm{O}}$ .
[ ] $J\in \mathcal{I}$ $|\triangle_{J}(T_{A}f)|\leqq|A.||\triangle_{J}.(f)|$ 36
. .









$\{J\in \mathcal{I};|f_{J(}1)|\mathrm{v}|fJ(2)|\mathrm{v}|fJ(3)|>2^{n}\}$ $(n=1,2,3, \cdots)$
.
$\{\mathcal{G}_{n}\}$ triadic interval $\downarrow\emptyset$ .
$\mathcal{G}_{n}^{\max}$ .
(a) $\mathcal{G}_{0}\max=\{\Omega\}$ .
(b) $J\in \mathcal{G}_{n+1}^{\max}$ , $J\subset K\in \mathcal{G}_{n}^{\max}$ $K$ .
(c) $\bigcup_{J\in \mathcal{G}n}J\subset\{f^{**}+2>2^{n}\}$ .
( $n=0$ $\Omega$ ] $n\geqq 1$ $\{f^{**}>2^{n}\}$ )
(d) $\sum_{J\in \mathcal{G}_{n}^{\max}}|J|\leqq|\{f^{**}+2>2^{n}\}|$ .
(e) $K\in \mathcal{G}_{n}^{\max}\Rightarrow|f_{K}|\leqq 2^{n}$ .
$\mathcal{H}_{n}$ :
$\mathcal{H}_{n}=\{J\in \mathcal{I};\exists K\in \mathcal{G}_{n}, K\supset J\}$ .
61
$\mathcal{H}_{0}=\mathcal{I}$ , $\{\mathcal{H}_{n}\}$ triadic interval , $\mathcal{H}_{n}\downarrow\emptyset$ .
$\triangle_{J}(f)=d_{J}$ . $R\in \mathcal{I}$
$f_{R}= \sum_{J\supset\overline{R}}wJ[dJ](R)=\sum_{=n0}^{\infty}\in J\supset\tilde{R}\sum_{J\mathcal{H}_{n}\backslash \mathcal{H}_{n}+1}wJ[dJ](R)$
, $f^{(n)}=(f_{R}^{(n)})_{R\in \mathcal{I}}$





$||f^{(n)}||_{L}\infty\leqq 3\cdot 2^{n}$ (9)
. , $\tilde{R}\not\in \mathcal{H}_{n}$ $f_{R}^{(n)}=0$ ; $\tilde{R}\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}$ , $\tilde{R}\subset K\in \mathcal{G}_{n}^{\max}$
$K$
$|f_{R}^{(n)}|=|_{K\supset J\supset} \sum_{\overline{R}}w_{J}[dJ](R)|=|f_{R}-f_{K}|$
$\leqq|f_{R}|+|f_{K}|\leqq 2^{n+1}+2^{n}=3\cdot 2^{n}$ ;




$\leqq|fi|+|fK|\leqq 2^{n+1}+2^{n}=3\cdot 2^{n}$ .
$g=T_{A}f,$ $g^{(n)}=T_{A}f^{(n)}$ . $g= \sum_{n=}^{\infty}\mathrm{o}g(n)$ .
$\triangle_{J}(g^{(n)})\neq 0$ $J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}$ , $g_{R}^{(n)}\neq 0$
$\tilde{R}\subset J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}$ $J$ . ,
$g_{R}^{(n)}\neq 0\Rightarrow\tilde{R}\in \mathcal{H}_{n}$. (10)
$T_{A}$ BMO ( 52) 25 (9)
$||g^{(n)}||_{\mathrm{B}\mathrm{M}}0\leqq c||f(n)||_{\mathrm{B}}\mathrm{M}\mathrm{O}\leqq c||f^{(n)}||L\infty\leqq c2^{n}$ .
62
, $K\in \mathcal{G}_{n}^{\max}$ , John-Nirenberg
$|\{x\in K;(g^{(n)})^{*}(X)>\lambda\}|\leqq c\exp(-\lambda/c2^{n})|K|$
. ((10) $g_{K}^{(n)}=0$ ) $K$
$| \{(g^{(n)})^{*}>\lambda\}|\leqq c\exp(-\lambda/C2n)\sum_{K\in \mathcal{G}_{n}^{\max}}|K|$
.
(d)
$|\{(g^{(n)})^{*}>\lambda\}|\leqq c\exp(-\lambda/c2^{n})|\{f**+2>2^{n}\}|$ . (11)
, (10) , $g_{R}^{(n)}\neq 0$ $\tilde{R}\subset K\in \mathcal{G}_{n}^{\max}$ $K$
,





$0<\epsilon<1$ $\epsilon$ . ( $\epsilon=1/2$ . )
$n\geqq 0$ , $|\{g^{*}>2^{n}\}|$ . $f^{**}(x)+2\leqq 2^{n}$
, $j=0,1,$ $\cdots,$ $n-1$
$(g^{(j)})^{*}(x)\leqq 2^{n}(2^{\epsilon}-1)2^{(j-n)\epsilon}$


















$\leqq c||f^{**}+2||^{p}L^{p}\leqq c$ .
, $n<0$ $|\{g^{*}>2^{n}\}|\leqq|\Omega|=1$ , ,
$n=- \sum_{\infty}^{-1}2np|\{g^{*}>2^{n}\}|\leqq\sum_{n=-\infty}2^{n}p\leqq-1C$ .
$||g||_{Hp}^{p}=||g^{*}||p \approx Lpn=-\sum 2np|\{\infty\infty g*n>2\}|\leqq c$
. 53 .
6
61. $A$ $\mathcal{V}arrow \mathcal{V}$ .
$\mathcal{V}$ , $x={}^{t}(x_{1}, x_{2}, x_{3}),$ $y={}^{t}(y_{1}, y_{2}, y_{3})$
$\}$
$\langle x, y\rangle=\sum_{i=1}$ X
$3$
iyi
. $A$ $A’$ .




6.3 . $g=(g_{J})$ $h=(h_{J})$ , (13) $f=(f_{J})$
. , $0<P,$ $q,$ $r<\infty,$ $1/p=1/q+1/r$ $p,$ $q,$ $r$
,






$-(gj(i)-gJ)((\tau A\prime h)_{J()}i-(\tau_{A}Jh)_{J})$ .
$i=1,2,3$ , $g,$ $T_{A}g,$ $h,$ $T_{A’}h$ )




$=\langle\triangle_{J}(T_{A}g), \triangle_{J}(h)\rangle-\langle\triangle_{J}(g), \triangle_{J}(\tau_{A^{\prime h}})\rangle$





, H\"older 53 (14) . .
7
7.1 ([U2]). $0<p,$ $q,$ $r<\infty$ $1/p=1/q+1/r$ . $A:\mathcal{V}arrow \mathcal{V}$
. , $f=(f_{J})\in H^{p}$ $f_{\Omega}=0$
65
$f$ , $g=(g_{J})\in H^{q},$ $h=(h_{J})\in H^{r}$ , $g_{\Omega}=h_{\Omega}=0$
$g$
$h$ ,
$f_{J}=(\tau_{Ag})_{J}hJ-gj(T_{A}\prime h)J$ $(\forall J\in \mathcal{I})$
. , $g,$ $h$ ,
$||g||Hq||h||H^{r}\leqq c||f||_{H^{\mathrm{p}}}$
.
: $\dim \mathcal{V}=2$ $A$ .
. .
72 . $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ 2 . $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ $\vec{x},\vec{y}$ . $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$








Rr2ow $\vec{f}=(\vec{f_{J}})$ , $\triangle_{J}(f\vec{)}$ ,
,
$\triangle_{J}(f\vec{)}=(\vec{f_{J(}}3)-\vec{fJ}\vec{f_{J(2)}}-\vec{f}\vec{f_{J(1}})-\vec{f_{J}J})$
. $\triangle_{J}(f\vec{)}$ $3\cross 2$ , $0$ .
, $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ - , ,
$L^{p},$ $H^{p}$ , BMO . (
$\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ , .) Rr2ow-
$L^{p},$ $H^{p}$ , BMO $L^{p},$ $H^{p}$ , BMO
.
73. , $g=(g_{J}),$ $h=(h_{J})$ ,
$\vec{g}_{J}=((\tau_{Ag})_{J,g_{J}})$ , $\vec{h}_{J}=(h_{J}, -(\tau_{A’}h)J)$
66
, $(\vec{g}_{J}),$ $(\vec{h}_{J})$ $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ - , 62 $g$ $h$
$f=(f_{J})$
$f_{J}=(T_{A}g)_{jj}h-g_{j}(\tau_{A};)_{J}=\vec{g}_{J}\cdot \text{ _{}J}$
. , $\triangle_{J}(\vec{g}),$ $\triangle_{J}(\vec{h})$
$\Delta_{J}(\vec{g})==(\triangle_{J}(T_{A}g), \triangle J(g))=(A\triangle_{J}(g), \triangle_{j}(g))$ ,
$\triangle_{J}(\vec{h})=(\triangle J(h), -\triangle_{J}(\tau A’h))=(\triangle_{J}(h), -A’\triangle_{J}(h))$ ,
. , $g=(g_{J})\in H^{q}(0<q<\infty)$ , $T_{A}$ $H^{q}$
( 53) , $\vec{g}=(\vec{g}_{J})\in H^{q}.\cdot$ , $\vec{h}$ . .
.
74 . $\mathcal{V}\cross \mathcal{V}$ $S,$ $S’$
$S=\{(A_{X}, X) ; x\in \mathcal{V}\}$ ,
$S’=\{(y, -A’y) ; y\in \mathcal{V}\}$
. $\vec{g}=(\vec{g}_{J})$ Rr2ow , $J\in \mathcal{I}$
$\triangle_{J}(\vec{g})\in S$ , S- . $\vec{h}=(\vec{h}_{J})$ Rr2ow-
, $J\in \mathcal{I}$ $\triangle_{J}(\vec{h})\in S’$ , $\vec{h}$ $S’-$
.
, , 7.1 .
75 . $0<p,$ $q,$ $r<\infty$ $1/p=1/q+1/r$ . $A.\cdot‘ \mathcal{V}arrow \mathcal{V}$
, $f=(f_{J})\in H^{p}$ $f_{\Omega}=0$
$f$ , S- $\vec{g}=(\vec{g}_{J})\in H^{q}$ $S’-$ $\vec{h}=(\vec{h}_{J})\in H^{r}$
$\vec{g}_{\Omega}$
$=\vec{h}_{\Omega}=0arrow$ ,
$f_{J}=\vec{g}_{Jj}.\vec{h}$ $(\forall J\in \mathcal{I})$




8.1 , $A:\mathcal{V}arrow \mathcal{V}$ .
67
75(= 7.1) .




. $3\cross 2$ $X$ $|X|$ $X$ 6 2
. $1={}^{t}(1,1,1)\in \mathbb{R}^{3}$ . $b$ $\vec{a}\in \mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ , $1b$
$1\vec{a}$ ,
$1b=$ , $1\vec{a}=$ .
83 . $C_{8.3}$ : $\vec{a}\in \mathbb{R}_{\mathrm{r}\circ \mathrm{W}}^{2}$ $=1$ $\vec{a}$
$\{X\cdot(1\vec{a});x\in S, |X|\leqq C_{8.3}\}\supset\{u\in v;|u|\leqq 1\}$ ,
$\{(1\vec{a})\cdot Y;Y\in S’, |Y|\leqq C_{8.3}\}\supset\{u\in v;|u|\leqq 1\}$ .
[ ] , $|\vec{a}|=1$ $\vec{a}\in \mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$
, 2
$S\ni X\mapsto X\cdot(1\vec{a})\in \mathcal{V}$ ,
$S’\ni Y-\rangle(1\vec{a})\cdot Y\in v$
. .
.
$\dim S=\dim \mathcal{V}(=2)$ , $S\ni X\vdasharrow X\cdot(1\vec{a})\in \mathcal{V}$
, .
$X={}^{t}(x_{123}^{arrowarrowarrow}, x, X)\in S$ $X\cdot(1\vec{a})={}^{t}(0,0, \mathrm{o})\in \mathbb{R}^{3}$ . , $x_{j}^{arrow}$
$(j=1,2,3)$ $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{W}}^{2}$ $\vec{a}$ . $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ $\vec{a}\neq 0arrow$
1 , $X$ $0$ 1 . $X\in S$ $X=(Ax, x)$
$(x\in \mathcal{V})$ , $X$ 1 , $x$ $A$
, $A$ . $X$
$0$ $X=0$ . .
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8.4 . $Ax=A_{X}’$ $x\in \mathcal{V}$ $x=0$ .
[ ] $\mathcal{V}$ $A-A’$ ,
, 2 2 . $\mathcal{V}\ni x\neq 0$
$Ax=A_{X}’$ $x$ . , $0$ $A-A’$ ,
$A-A’$ $0$ , , $A-A’=0$ .
$A$ , . . ‘
8.5 . $Y\in S’$ $Y\neq 0$ , $S\ni X-rx\cdot Y\in \mathcal{V}$ .
[ ] $S$ $S’$ , $Y\in S’$ $X\in S$ $X\cdot Y\in \mathcal{V}$
.
$\dim S=\dim \mathcal{V}(=2)$ , $Y\in S’$ $Y\neq 0$ , $S\ni X\mapsto$
$X\cdot Y\in \mathcal{V}$ .
, $x\in \mathcal{V},$ $0\neq y\in \mathcal{V}$ ,
$X=(Ax, x)=\in S$,
$Y=(y, -A^{J}y)=\in S’$ ,








$y_{1}=(A’y)_{1}=0$ , $y$ $A’y$ , $\mathcal{V}$ $\{z\in \mathcal{V};z_{1}=0\}$
, 1 , $y$ $A’$ ,
$A$ . $(y_{1}, (A’y)_{1})\neq(0,0)$ .







$a_{2},$ $a_{3}\in \mathbb{R}$ .
$(a_{1}, a_{2}, a_{3})\neq(a, a, a)(\forall a\in \mathbb{R})$ , $a={}^{t}(a_{1}, a_{2}, a_{3})\in \mathbb{R}^{3}$ ,
, $x,$ $Ax\in \mathcal{V}$ 3 $0$ , $y$ $A’y$
$\mathbb{R}^{3}$
$a$ . ,
$v\cap\{_{Z\in \mathbb{R}}3 z\perp a\}$
1 , $A’y$ $y$ . $A$
.
$a_{1}=a_{2}=a_{3}=a$ $x=ay$ $Ax=aA’y$
$Ax=A_{X}’$ . 84 $x=0$ . $X=0$ . .
86 . $C_{8.6}$ : $carrow,\vec{d}\in \mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ $|c$], $|d\vec{|}\leqq 1/C_{8.6}$ ,
$\{(1_{C}^{arrow}+X)\cdot(1\vec{d}+Y)-(1_{C}^{arrow})\cdot(1d\vec{)};X\in S, Y\in S’, |X|\vee|Y|\leqq C_{8.6}\}$
$\supset\{u\in \mathcal{V};|u|\leqq 1\}$ .
[ ] $Y_{0}\in S’,$ $|Y_{0}|=1$ $Y_{0}$ . $C\geqq 1$ ,
$|c\neg,$ $|d\vec{|}\leqq 1/C$ , $u\in \mathcal{V},$ $|u|\leqq 1$ .
$X\cdot(1\vec{d}+Y_{0})=u-(1_{C}^{arrow)}\cdot Y_{0}$ (16)
$X\in S,$ $|X|\leqq C’$ . ( $C’$ $carrow,\vec{d,}u$
; $C_{8.6}$ $C_{8.6}= \max.\{c, c^{J}\}$ . ) (16)
$\mathcal{V}$ $\leqq 1+1/C\leqq 2$ , – , $v\in \mathcal{V}$
$|v|\leqq 2$ ,
X $\cdot$ $(1\vec{d}+Y\mathrm{o})=v$




75 , BMO $\mathrm{K}\mathrm{s}$ .
9.1 . $A:\mathcal{V}arrow \mathcal{V}$ . $f=(f_{J})$
BMO , $||f||_{\mathrm{B}\mathrm{M}\mathrm{o}}\leqq 1,\vec{a},$ $barrow\in \mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2},$ $f_{\Omega}=\vec{a}\cdot barrow$, .
, $\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$ - $\vec{g}=(\vec{g}_{J}),\vec{h}=(\vec{h}_{J})$ :
(i) $\vec{g}=(\vec{g}_{J})$ $S-$ , $\vec{h}=(\vec{h}_{J})$ $S’-$ ;
(ii) $\vec{g}_{\Omega}=\vec{a}$ , $\vec{h}_{\Omega}=barrow,\cdot$
70
(iii) $J\in \mathcal{I}$ $\vec{g}_{J}\cdot\vec{h}_{J}=f_{J}$ ;
(iv) $||\vec{g}||_{\mathrm{B}\mathrm{M}}0\leqq C$ $||\vec{h}||\mathrm{B}\mathrm{M}\mathrm{o}\leqq c$;
(V) $\triangle_{J}(f)=0$ $J$ $\triangle_{J}(\vec{g})=\triangle_{j}(\vec{h})=0$ ;
(Vi) $\lambda>0$ ,
1 $\{(\vec{g}-g_{\Omega})^{*}arrow>\lambda\}|\leqq c\exp(-\lambda/c)$ ,
$|\{(\vec{h}-\vec{h}_{\Omega})^{*}\text{ }>\lambda\}|\leqq c\exp(-\lambda/c)$ .
[ ] (i), (ii), (iii) $.\mathbb{R}_{\mathrm{r}\mathrm{o}\mathrm{w}}^{2}$- $\vec{g}=(\tilde{g}_{J})$ $\vec{h}=,(\vec{h}_{J})$
.
$\vec{g}_{\Omega}=\vec{a},\vec{h}_{\Omega}=barrow$ . $\vec{g}_{J},\vec{h}_{J}$ $J \in\bigcup_{k=0}^{n}\mathcal{I}_{k}(n\geqq 0)$






$U_{J}=\triangle_{J}(\vec{g})\in S$, $V_{J}=\triangle_{J}(\vec{h})\in s’$ .




. ( . )
, $U_{J},$ $V_{J}$ ,









$X\in S$, $Y\in S’$ , $|X||Y|\leqq C_{8.6}$
$X,$ $Y$ . ( $||f||_{\mathrm{B}\mathrm{M}}0\leqq 1$ $|d_{J}|\leqq$ , $C_{8.6}$
, $|d_{J}/C_{8.6}^{2}|\leqq 1$ . ) , $d_{J}\neq 0$
$X,$ $Y$ $U_{J}=c_{8.6}x,$ $V_{J}=C_{8.6}\mathrm{Y}$ , $d_{J}=0$ $U_{J}=V_{J}=0$
.









2: $|\vec{g}_{J}|>|\vec{h}_{J}|$ $|\vec{g}_{J}|>1$ .
, $d_{J}=0$ $U_{J}=V_{J}=0$ . $d_{J}\neq 0$ , 83
1 $(|\vec{g}j|^{-1}\vec{g}J)\cdot Y=|d_{J}|^{-}1d_{j}$ , $Y\in S’$ , $|Y|\leqq C_{8.3}$
$Y$ , $V_{J}=|d_{J}||\vec{g}_{J}|^{-1}Y$ , $U_{J}=0$ .
(17), (18) ,
$|U_{J}||V_{J}|=|V_{J}|\leqq C_{8.3}|d_{J}||\vec{g}J|^{-1}\leqq C_{8.3}|d_{J}|$ . (20)
, $K=J(i)(i=1,2,3)$ , $|\vec{g}_{K}|=|\vec{g}_{J}|>|\vec{h}_{J}|$ ,
$|\vec{g}_{K}|\vee|\vec{h}_{K}|\geqq|_{\vec{\mathit{9}}J}||\tilde{h}_{j}|$ (21)
.
3: $|\vec{g}_{J}|\leqq|\vec{h}_{J}|$ $|\vec{h}_{J}|>1$ .
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$d_{J}=0$ , $U_{J}=V_{J}=0$ . $d_{J}\neq 0$ , 83
$X\cdot(1|\vec{h}_{J}|^{-}1\vec{h}_{J})=|d_{J}|^{-}1d_{j}$ , $X\in S$, $|X|\leqq C_{8.3}$
$X$ , $U_{J}=|d_{J}||\vec{h}_{J}|^{-1}X$ , $V_{J}=0$ . 2
, (17), (18) ,






(i), (ii), (iii), (v) . (vi) John-
Nirenberg (\S 2) , (iv) , (iv)
. $\vec{g}$ $\vec{h}$ , $||\vec{g}||_{\mathrm{B}}\mathrm{M}\mathrm{O}\leqq C$ .
2 .
$\underline{|\vec{a}|}\vee|b|arrow>1$ .
, (21) (23) , $J\in \mathcal{I}$ , $|\vec{g}_{J}||\vec{h}_{J}|>1$




, triadic interval $\mathcal{G}$
$\mathcal{G}=\{J\in \mathcal{I};|\vec{g}_{J}|\mathrm{v}|\vec{h}_{j}|>1\}$
. $\Omega\not\in \mathcal{G}$ . (21) (23) , $J\in \mathcal{G}$ $i=1,2,3$
$K=J(i)$ $K\in \mathcal{G}$ . , triadic interval $J,$ $K$ ,











2 . $\vec{g}^{(1)}=(g_{R}^{1)})_{R}\triangleleft\in \mathcal{I}$ $\vec{g}^{(2)}=(\vec{g}_{R}^{(2)})_{R}\in \mathcal{I}$ Rr2ow-
.





$|\vec{g}_{R}^{(1)}|\leqq 1+C_{8.6}^{2}$ $(\forall R\in \mathcal{I})$
. , $R\neq\Omega$ $\tilde{R}\not\in \mathcal{G}$ , (24) $J\supset\tilde{R}$
$J\in \mathcal{I}$ $J\not\in \mathcal{G}$ , $\overline{g}_{R}^{(1)}=\vec{g}_{R}$ , (19) $|\vec{g}_{R}^{(1)}|=|\vec{g}_{R}|\leqq 1+C_{8.6}^{2}$ .
, $R\neq\Omega$ $\tilde{R}\in \mathcal{G}$ , $\tilde{R}\subset K\in \mathcal{G}^{\max}$ $K\neq\Omega$ , (24)
$\vec{g}_{R}^{(1)}=\vec{g}_{K}$ , (19) $|\vec{g}_{R}^{(1)}$ $|=|\vec{g}_{K}|\leqq 1+C_{8.6}^{2}$ .






92 . (1) , BMO , 2, 3 $J$
,
$|U_{J}|\leqq C_{8.3}|dJ|$
, (20) (22) ,
$|U_{J}|\leqq C_{8.3}(|\vec{g}_{J}||\vec{h}J|)-1|d_{J}|$









75 . , \S 5 $H^{p}$
( 53) BMO ( 52) .
$f=(f_{J})$ , $f_{\Omega}=0$ . , $||f||H^{p}=1$ .
$n$ , triadic interval , $\mathcal{H}_{n}$ $f^{(n)}$
53 .
$\mathbb{R}\mathrm{L}\mathrm{w}$- $\vec{g},\vec{h}$ \S 9
$U_{J}=‘\triangle_{J}(\vec{g})$ , $V_{J}=\triangle_{J}(\vec{h})$





$\vec{h}_{R}^{(n)}=\sum_{+n1 ,J\supset\tilde{R}}^{\supset\tilde{R}}wJ[V_{J}]J\in \mathcal{H}_{n}\backslash J\mathcal{H}(R)$ (29)
.
:
$J,$ $R\in \mathcal{I}$ , $J\supset\tilde{R}$ , $\tilde{R}\not\in \mathcal{H}_{n+1}\Rightarrow J\not\in \mathcal{H}_{n+1}$ .
, $\{\mathcal{H}_{n}\}$ , $\tilde{R}\not\in \mathcal{H}_{n+1}$
$f_{R}= \sum_{J\not\in \mathcal{H},J\supset\tilde{R}^{+1}n}w_{J}[d_{J}](R)=\sum_{i=0\grave{J}i}^{n}\sum_{\in \mathcal{H}\backslash \mathcal{H}}W_{j}[dj](R)=\sum_{i=0}^{n}f(Ri)$
( $d_{J}=\triangle j(f)$ ) . ,





, $n$ , $(\mathrm{i})\sim(\mathrm{i}\mathrm{i}\mathrm{i})$ $g^{n)}\triangleleft,\vec{h}^{(n)}(n=$
$0,1,2,$ $\cdots)$ :
(i) $\vec{g}^{(n)}$ (28) $S$- ( , $U_{J}\in S$);
(ii) $\vec{h}^{(n)}$ (29) $S’-$ ( , $V_{J}\in s’$ );
(iii) $\tilde{R}\not\in \mathcal{H}_{n+1}$ ,
$( \sum_{i=0}^{n}\vec{g}_{R}^{()})i$ . $( \sum_{i=0}^{n}\vec{h}_{R}(i))=\sum_{i=0}^{n}f(Ri)$ .
(n), $\vec{h}^{(n)}$ , (26), (27) $\vec{g}$, $\vec{h}$ ,
(iv) $S$- , $\vec{h}$ s’- ,
(v) $\vec{g}_{\Omega}=\vec{h}_{\Omega}=0arrow$ ,
(Vi) $R\in \mathcal{I}$ $\vec{g}_{R}\cdot\vec{h}_{R}=f_{R}$ ,
. ( $(\mathrm{v}\mathrm{i})$ (iii) (30), (31) . )
, $\vec{g}^{(i)},\vec{h}^{(i^{)}}$ $i=0,1,$ $\cdot\cdot:,$ $n-1$ . ($n=0$
vacuous . )
$\vec{g}^{(n)}$
$\vec{h}^{(n)}$ , $J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n}+1$ $U_{J}\in S$ $V_{J}\in S’$
. (30) (31) , $\tilde{R}\not\in \mathcal{H}_{n}$
(iii) , $\vec{g}^{(n)},\vec{h}^{(n}$ ) (28), (29) ,
. , , (iii) $\tilde{R}\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}$ $R$
$U_{J}\in S$ $V_{J}\in S’$ $J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}$
.
$\tilde{R}\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}$ , $K\in \mathcal{G}_{n}^{\max}$ $K\supset\tilde{R}$ $K$ . $R$







$\sum_{n_{J},j\supset\tilde{K}n}w_{J}wJ\not\in \mathcal{H}J\in \mathcal{H}K\supset\backslash \mathcal{H}\supset\frac{n}{R}+1J[U_{J}](R)$




$\sum_{i=0}^{n}\vec{h}R(i)=\sum_{i=0}^{n-1}\vec{h}_{K}^{(i})+\sum_{\supset K\supset J\tilde{R}}w_{J}[VJ](R)J\in \mathcal{H}n\backslash \mathcal{H}n+1$ ’
$f_{R}=f_{K}+f_{R}^{(n)}$
.
, $K\in \mathcal{G}_{n}^{\max}$ ,
$J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n}+1$ $J\subset K$
$J$ $U_{J}\in S$ $V_{J}\in S’$ , $R\in \mathcal{I},$ $R\subset K$ $R$
$( \sum_{i=0}^{n-1}\vec{g}_{K}^{()}+\sum_{J\in}iW_{J}[U_{J}](R)1K\supset \mathcal{H}_{n}\backslash \mathcal{H}J\supset\tilde{R}n+1^{\cdot}\cdot(\sum_{i=0}^{n-1}\vec{h}_{K}^{(i)}+\sum_{\mathcal{H}j\in n\backslash \mathcal{H}}w_{j}[VJ](R)\supset\frac{n}{R}1=f_{K}+f_{R}(n)$
(32)
, $K\in \mathcal{G}_{n}^{\max}$ $U_{J}$
, (n) $\vec{h}^{(n)}$ .
, $K\in \mathcal{G}_{n}^{\max}$ .
, ,
$(n \sum_{i=0}^{1}\vec{g}_{K}-(i))$ . $(^{n-} \sum_{i=0}^{1}\vec{h}_{K}(i))=f_{K}$
. ($n=0$ , $K=\Omega$ , $\mathrm{o}$ .$\mathrm{o}_{=}\mathrm{o}_{=}arrowarrow f_{\Omega}$
) , $f^{(n)}$
$||f^{(n)}||_{L}\infty\leqq 3\cdot 2^{n}$ , (33)
$\triangle_{J}(f^{(n)})\neq 0\Rightarrow J\in \mathcal{H}_{n}\backslash H_{n}+1$ (34)
(\S 5 ). , BMO (\S 9) $\Omega$
$K$ , $\tilde{U}_{J},\tilde{V}_{J}$ :
(a) $\tilde{U}_{J}\in S,\tilde{V}_{J}\in s’(J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1}, J\subset K)$;
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(b) $R\subset K,$ $R\in \mathcal{I}$ ,




. $|(3 \cdot 2^{n})^{-p}/r\text{ }n\sum\vec{h}_{K}(i)+-\perp$ $\sum$ $w_{J}[\tilde{V}_{J}](R)$
$($
$i=0$
$J\in \mathcal{H}_{n}K\supset J\supset\tilde{R}^{+1}\backslash \mathcal{H}n$
$=(3\cdot 2^{n})^{-1}fK+(3\cdot 2^{n})^{-}1f(n);R$
(c) $\lambda>0$ ,
$| \{x\in K;\sup_{K\supset R\ni x}|J\in \mathcal{H}_{n}\sum_{K\supset J\supset\tilde{R}}W_{J}[\tilde{U}_{J}](R)\backslash \mathcal{H}n+1|>\lambda\}|\leqq c\exp(-\lambda/C)|K|$ ,
$| \{x\in K;\sup_{RK\supset\ni x}|_{J\in \mathcal{H}}K\supset J\supset\tilde{R}^{+}\tilde{V}\sum_{1n\backslash \mathcal{H}n}w_{J}[J](R)|>\lambda\}|\leqq c\exp(-\lambda/C)|K|$ .
, $J\in \mathcal{H}_{n}\backslash \mathcal{H}_{n+1},$ $J\subset K$ $J$
$U_{J}=(3\cdot 2^{n})^{p/q}\tilde{U}J$ , $V_{J}=(3\cdot 2^{n})^{p}/r\tilde{V}_{J}$
. , $U_{J}\in S,$ $V_{J}\in S’$ , (32) , ,
$\lambda>0$
$| \{x\in K;\sup_{K\supset R\ni x}|_{J\in \mathcal{H}}K\supset\supset\tilde{R}(\sum_{n_{J}}wJ[U_{J}]R)\backslash \mathcal{H}_{n+1}$






, $n$ , $(\mathrm{i})\sim(\mathrm{i}\mathrm{i}\mathrm{i})$ $\overline{g}^{\not\in n)},\vec{h}^{(n)}(n=0,1,2, \cdots)$




$|\{(^{\triangleleft n}g))^{*}>(3\cdot 2^{n})^{p/}q\lambda\}|\leqq c\exp(-\lambda/c)|\{f^{**}+2>2^{n}\}|$ ,
$\{(\vec{g}^{(n)})*>0\}\subset\{f^{**}+2>2^{n}\}$
, $\tilde{h}^{(n)}$ ($p/q$ $p/r$ ) (\S 5
(11), (12) ). .
$||\vec{g}||_{H^{q}}=||(\vec{g})^{*}||_{Lq}\leqq c$,
$||\vec{h}||_{H^{r}}=||(\vec{h})^{*}||L^{\Gamma}\leqq c$
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